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a  b  s  t  r  a  c  t
A  64-year-old  woman  was  introduced  to our hospital  suspected  of  having  angina  pectoris.  A 12-lead  elec-
trocardiogram  showed  negative  T wave  in  inferior  leads.  An  echocardiography  revealed  no abnormality.  In
320-row  multi-detector  computed  tomography  (MDCT),  a severe  narrowing  of  the  right coronary  artery
was detected  with  collateral  vessels  between  the  distal  portion  of the  obstructed  right  coronary  artery
and the left anterior  descending  artery.  Coronary  angiography  showed  no  stenosis  of the  right  coronary
artery  and  non-obstructive  plaques  in the left  coronary  artery.  To  provoke  coronary  artery  spasm,  acetyl-
choline was  infused  into  the  left coronary  artery.  But,  no  narrowing  was  inducible  in  the  left coronary
artery.  After  that,  a  spasm  of  the  right  coronary  artery  was  observed  without  the  injection  of acetylcholine
into  the  right  coronary  artery.  The  spasm  was  located  in the  same  site  as  the  narrowing  on  MDCT  imag-
ing.  A  calcium  channel  antagonist  (benidipine  hydrochloride  8  mg/day)  and  a nitrate  (isosorbide  dinitrate
80 mg)  were  effective  for  coronary  artery  spasm.
<Learning  objective:  Multi-detector  computed  tomography  (MDCT)  imaging  is  useful for  examining
coronary  artery  disease.  In addition  to evaluating  coronary  organic  stenosis,  320-row  MDCT  could  detect
spontaneous  coronary  artery  spasm.  Although  coronary  artery  spasm  has  to  be  taken  into  account,
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Coronary artery spasm is caused by transient vasoconstriction
f epicardial coronary arteries, of which mechanisms are attributed
o endothelial dysfunction and hyperreactivity of vascular smooth
uscle cells [1]. It is usually manifested by chest pain occur-
ing at rest particularly in the early morning, but rarely during
he daytime. Protracted spasm can be associated with an occur-
ence of myocardial infarction or life-threatening arrhythmias.
esides, atypical chest pain presents in some patients with coro-
ary artery spasm [2], rendering the diagnosis difﬁcult, especially in
emales. Coronary angiography reveals a severe narrowing or com-
lete occlusion of epicardial coronary arteries by provocative tests,
hich is reversed by intravenous injection of nitroglycerine. We
erein report a patient who exhibited a coronary artery narrowing
n 320-row multi-detector computed tomography (MDCT), which
ventually turned out that the pathophysiology was coronary
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artery spasm as a result of intracoronary injection of acetyl-
choline.
Case report
A 64-year-old woman visited the cardiology clinic of our uni-
versity hospital because she had developed precordial chest pain
at rest and during daily activity. Her chest pain lasted for a
couple of minutes. This patient had no history of smoking. The
pulse was  60 beats/min and regular, and the blood pressure was
122/67 mmHg. Physical examination on the chest was  unremark-
able.
Blood tests also showed no abnormalities, including creatine
phosphokinase (54 U/L). A chest roentgenogram showed a normal
cardiothoracic ratio (50.0%) without pulmonary congestion. A 12-
lead electrocardiogram showed a sinus rhythm of 74 beats/min,
with inverted T waves in leads II, III, and aVF. An echocardiogram
showed normal ventricular function with a left ventricular ejection
fraction of 68%.
Because angina pectoris was suspected, the patient was
prescribed a calcium channel antagonist (benidipine hydrochlo-
ride 4 mg/day), a nitrate (isosorbide dinitrate 40 mg/day), and a
vier Ltd. All rights reserved.
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Fig. 1. (A) A signiﬁcant coronary artery narrowing in the mid-portion of the right coronary artery (red arrow) detected by 320-row multi-detector computed tomography
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bMDCT).  (B) Collateral artery (red arrow) to the right coronary artery via the septal
oronary artery stenosis was  evident on MDCT imaging. (D) Coronary artery spas
nterior descending artery; LCX, left circumﬂex artery; Lroot, left aortic root.
-blocker (carvedilol 20 mg/day). To determine whether coronary
rtery disease existed, 320-row MDCT (Aquilion ONE, Toshiba Med-
cal Systems, Corp., Otawara, Japan) was introduced without an
dditional use of -blockers. It revealed a severe narrowing of the
ight coronary artery (Fig. 1A, red arrow). It also visualized col-
ateral vessels between the distal portion of the obstructed right
oronary artery and the left anterior descending artery (Fig. 1B,
ed arrow). After admission, she underwent coronary angiography
nder the same drug administration, which revealed no stenosis
f the right coronary artery (Fig. 1C) and non-obstructive plaques
n the left coronary artery. The intracoronary injection of acetyl-
holine in doses of 25, 50, and 100 g was used for provocation
f coronary spasm. Acetylcholine was ﬁrst infused into the left
oronary artery. Although no narrowing was inducible in the left
oronary artery, chest pain occurred 5 min  after the acetylcholine
nfusion. At that time, T wave became inverted in inferior leads
ithout ST-segment depression. Subsequent coronary angiography
evealed that a spasm of the right coronary artery was provoked
Fig. 1D, red arrow) without the injection of acetylcholine into
he right coronary artery. The spasm was located in the same site
s the narrowing on MDCT imaging. The angiographic features of
he narrowing shared identical morphology. After coronary artery
pasm was identiﬁed, carvedilol was stopped. In addition, benidip-
ne hydrochloride was increased from 4 mg/day to 8 mg/day and
sosorbide dinitrate was increased from 40 mg/day to 80 mg/day.
fter the strengthened anti-spastic medications, she was free from
hest pain for 15 months.
iscussionNowadays, 320-row MDCT is a useful and powerful modal-
ty for detecting coronary artery narrowing [3,4]. In our present
ase, spontaneous coronary spasm was accidentally detected
y 320-row MDCT, which was diagnosed by an intracoronaryh. (C) Coronary angiography revealing no signiﬁcant stenosis in segment 3 where
r 100 g acetylcholine injection to the left coronary artery (red arrow). LAD, left
acetylcholine-provocation test. Oral administration of calcium
channel antagonist and nitrate was effective for suppressing symp-
toms related to coronary artery spasm. Our case indicates that the
detection of coronary artery spasm on 320-row MDCT was feasible
but was  an incidental observation. Therefore, we  do not necessarily
emphasize the usefulness of 320-row MDCT for diagnosing coro-
nary artery spasm. Provocation test combined with angiography
is indispensable to differentiate coronary artery spasm from coro-
nary organic stenosis [5]. In this case, angiographically documented
spasm in the right coronary artery was  provoked after the injection
of acetylcholine into the left coronary artery but not into the right
coronary artery. Although we  do not know the precise mechanism
by which the right coronary artery spasm occurred without the
direct injection of acetylcholine into that artery, this phenomenon
is thought to have accidentally occurred, which is the case in the
spasm detected by MDCT.
Although it might be unusual to detect coronary artery spasm
by MDCT, there are a few cases with spontaneous coronary artery
spasm detected by CT. Hamon and Hamon [6] reported that multi-
slice CT was  able to detect asymptomatic coronary artery spasm in
a male patient. Ota et al. [7] also reported severe coronary artery
spasm in a male patient using 64-row MDCT. As compared with
these earlier reports, we  could observe coronary artery spasm on
MDCT imaging with much higher spatial resolution.
This case did not have typical symptoms of coronary artery
spasm such as chest pain at rest from midnight to the early morn-
ing. Instead, she had chest pain both at rest and on exertion
during the daytime. Accordingly, it was difﬁcult to diagnose her
as having angina pectoris before 320-row MDCT was performed.
The evaluation of coronary artery by 320-row MDCT enabled
us to recognize the presence of stenosis in the right coronary
artery. Of interest, coronary artery spasm detected by 320-row
MDCT morphologically resembled coronary organic narrowing in
this case. Therefore, coronary artery spasm has to be considered
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hen coronary artery narrowing is detected by 320-row MDCT
maging.
It is noteworthy to mention the effect of -blocker on coronary
rtery spasm. It is reported that -blockers exacerbate coronary
rtery spasm through the blockade of 1-mediated vasomotor
one [8]. The blockade of 1-adrenergic tone may  result in the
redominance of -adrenergic tone, which eventually causes coro-
ary vasoconstriction [9]. In this case, carvedilol was prescribed
hen MDCT and coronary angiography were performed. Although
arvedilol, a blocker of - and -adrenergic receptors, might exert a
esser effect on coronary vasoconstriction than general -blockers,
t is not negligible that carvedilol was related to coronary artery
pasm detected by MDCT and coronary angiography.
The medication used is worth considering when acetylcholine
rovocation test is performed. Generally, the provocation test has
o be performed under no medication so as not to lower the effect
f acetylcholine on vasoconstriction. Nevertheless, we  performed
he test in this patient under the usage of benidipine hydrochloride,
sosorbide dinitrate, and carvedilol, because we could not conclude
hat mechanism was attributed to the coronary artery steno-
is detected by 320-row MDCT. In addition, we  were concerned
hat angina attack might occur after terminating the anti-spastic
edications, especially in the case of vasospastic angina. The provo-
ation test revealed that coronary artery spasm was  susceptible
o occur even with the anti-spasm medications. Hence, the coro-
ary artery spasm of this patient was highly active and might be
ssociated with the orally administered carvedilol.onclusion
Coronary artery spasm should be considered as a differential
iagnosis even when atypical chest pain occurs. It is valuable
[ology Cases 8 (2013) e85–e87 e87
to non-invasively evaluate coronary artery using 320-row MDCT
because of its informative utility and low dose of irradiation.
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